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Abstract 



In this article, we study the final-state rescattering effects in the decays 
B° — * XcqK*° and B + — > \cqK* + , and observe the corrections are zero in the 
SU(3) limit, which is warranted by the heavy quark symmetry. It is difficult 



to accommodate the experimental data without fine-tuning. 
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; 1 Introduction 

psj . Recently, the Babar collaboration reported the observation of the decay B° — > 

XcoK* as well as evidence of the decay B + — > XcoK* + with an 8.9 and a 3.6 stan- 
dard deviation significance respectively pp. The measured branching fractions are 
Br(B° -> Xco^*°) = (1.7 ± 0.3 ± 0.2) x 10~ 4 and Br(B + -> Xco^* + ) = (1.4 ± 0.5 ± 
0.2) x 10" 4 . They also obtained the upper limit Br(B + -> Xco^* + ) < 2.1 x 10~ 4 
at the 90% confidence level. The decays take place through the process b — > sec 
(or more precise b — > sec, they relate with each other by charge conjunction, in 
this article, we calculate the amplitudes for the process b — > sec, then take charge 
conjunction to obtain the branching fractions.) at the quark-level. The quantitative 
^ ■ understanding of those decays depends on our knowledge about the nonperturbative 

hadronic matrix elements of the operators entering the effective weak Hamiltonian. 
The factorizable contributions in the decays B° — > XcoK* and B + — > \coK* + are 
zero, we have to resort to special mechanism to overcome the difficulty. 

Final-state interactions play an important role in the hadronic -B-decays, the 
color-suppressed neutral modes such as B° — > D°tt , 7r°7r°, p°7r°, K tt° are enhanced 
substantially by the long-distance rescattering effects [2|. In Refs. [31111, the authors 
study the rescattering effects of the intermediate charmed mesons for the decays 
B~ — ► XcoK~,h c K~, and observe the final-state interactions can lead to larger 
branching fractions to account the experimental data. The factorizable amplitude in 
the decay B° — ► rj c K* is too small to accommodate the experimental data [SJ, and the 
effects of the final-state interactions can smear the discrepancy [5]. It is intersecting 
to study the effects of the final-state interactions in the decays B° — > XcoK* and 
B+ - X coK*+. 
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The article is arranged as: in Section 2, we study the final-state rescattering 
effects in the decays B° — > XcoK* and B + — > XcoK* + ; in Section 3, the numerical 
result and discussion; and Section 4 is reserved for conclusion. 



2 Final-state rescattering effects in the decays B° - 

X coK t0 and B + -> X d>K* + 

The effective weak Hamiltonian for the decay modes b — ► sec can be written as (for 
detailed discussion of the effective weak Hamiltonian, one can consult Ref.[7]) 

h w = ^ {v cb v; s [cmom + cmom] + h.c.} , (i) 

where the V^-'s are the CKM matrix elements, the Cj's are the Wilson coefficients 
calculated at the renormalization scale \i ~ 0{m h ) and the relevant operators Ot 
are given by 

O x = (s a b a ) V - A (cpCf3) V -A, 

02 = {~s a b p ) v ^ A {cf]C a ) v ^ Al (2) 

here a and (3 are color indexes. From the effective weak Hamiltonian H w , we can 
see that the factorizable amplitudes are zero. 

The decays B° — > DD S , DD*, D*D S , D*D* are color enhanced due to the large 
Wilson coefficient C 2 H, 

(D s (q)D*(p)\H w \B(P)) = 2a 2 P-e*(p)f Ds MD*A (q 2 ), 
(D* s {q)D{p)\H w \B{P)) = 2a 2 P-e*(q)f D *M D5 F 1 (q 2 ), 
(D s (q)D(p)\H w \B(P)) = a 2 (M 2 D -M 2 B )f Ds F (q 2 ), 

, m ini( , lff ,n,n,, u '2e^e;(q)e* v (p)P a ppV(q^ 

\ D s\<l) D VP)\H W \B(P)) = a 2 f Dl M D * 



-e*(q)-e*(p) 



M B + M D * 

A<=*(r,\ ■ nAJn 2 \~\ 

• (3) 



2P ■ e*(q)e*(p) ■ qA 2 (q 2 ^ 
{M B + M D *)A 1 {q 2 ) + - ' 



M B + Md* 



where a 2 = -^V c bV* s (C 2 + 3 ), the fn, /d*, /a,> Id* are the weak decay constants, 
and the A (q 2 ), Ai(q 2 ), A 2 (q 2 ), V(q 2 ), Fo{q 2 ), P\{q 2 ) are the weak form-factors 



2 The corresponding decays for the B + can be studied in the same way, in the following, we only 
present the technical details for the B° decays. 
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defined by [HE], 

(D{p)\s lfl (l- lB )b\B(P)) 
(D*(p)\s lfl (l- l5 )b\B(P)) 



q- 

2V(q 2 ) 2M v q ■ e* 2 
~2 VvMq ) 



Mb + Mi 



q ■ e 



qA(M B + M v )A 1 (q 2 ) + 



Ml 



Ml 



A, 



q ■ e 



M B + M v 



(4) 



and the e M is the polarization vector of the vector meson, g M = P^ — p^. 

The decays B° — > XcoK* and B + — > XcoK* + can take place through the decay 
cascades B — > DD S , DD*, D*D S , D*D* — > XcoK*, the rescattering amplitudes of 
DD S , DD*, D*D S , D*D* S — > Xco-K'* may play an important role. 

The final-state interactions can be described by the following effective lagrangians, 



£-Xc DD 
£>DDV 

Cd*dv 



g Xc DDXcoDD j , 
9 X cD*D*XcoD* ■ D* ] , 

-ig DD vD^^{N% 
-2f D * DV e^{d,N v )) 



*t, 



(5) 
(6) 

(7) 

(8) 



C D . D -v = igo^vD] rd»D:'(V»)) + 4if D . D . v DZ(d*V'-&'V>>))D?, (9) 

where the indexes i,j stand for the flavors of the light quarks, DW=(DW , D(*>~ , 
Di*' 1 ) T , and V is the 3x3 matrix for the nonet vector mesons, 



V 



\ K*- 



K *+ \ 



K*° J 



(10) 



The lagrangians Cddv, £d*dv and Cd*d*v are taken from Ref.[2], and the £ Xc0 d*d 
and £ v „ n constructed from the heavy quark theory in this article. 

The rescattering effects can be taken into account by eight Feynman diagrams, 
see Fig.l. We calculate the absorptive parts (or imaginary parts) of the rescattering 
amplitudes Abs(i) by the Cutkosky rule, 



Absfzl 



d 3 pi 



d 3 p 2 



(2n) 3 2E 1 J (2n) 3 2E 2 



{2^f5\P-p 1 -p 2 )r^ int T i . 



where the amplitudes T^ int stand for the corresponding factorizable contributions 
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presented in Eq.(3), and the rescattering amplitudes T^ nt ^ XcoK , are given by 

T dd s ^ XcQ k* = -^9DDvP2-e*{p 4 )^-^ ¥ J r2 (t)ig XcoDD , 

I 

T D a D^ Xc0 K* = 2ig DDV p2 ■ e *(P*) t _ M 2 ^(fydxrtDD , 

T d*d s ^ Xc0 k* = 4if D * DV e tlvaf3 p Atl 6* l ,{p 4 )p2 a 6p(q) t _ m2 F 2 {t)ig XcoD * D *e*{q) ■ e(p t ) , 
T$* D ^ XcoK * = Uf D . DV ^p^e*M)p 7a e p {q) — \p- f*(t)ig Xd)D . D .e*(q) ■ e( Pl ) , 
Tdd%^ Xc0 k* = -^fD*Dve' MUa(i p^el(p 4 )p2 a ep(p2) t _ 1 M2 T 2 {t)ig XcoDD , 



T Ld*~, Xc0 k* = -^fD^Dve^ aP p^el(p i )p 2a ep(p2) t _ m2 T 2 {t)ig x ^ DD , 

T£*d*^ Xc0 k* = {4if D *D*v [P4 • e(p 2 )e*(p 4 ) • e(g) - p 4 • e(g)e*(p 4 ) • e(p 2 )] + 

1 



2ig D * D * v e*(p 4 ) -p 2 e(q) ■ e(p 2 )} t^J* 7 (t)ig XcoD * D *e*(q) ■ e(p 



T£*d*^xc k* = {-&fD*D*v [P4 • e(p 2 )e*(p 4 ) • e(g) -p 4 • e(g)e*(p 4 ) • e(p 2 )] - 

2ig D *D*ve*(p 4 ) -p 2 e(g) • e(p 2 )} - _ ^ 2 (tyffxcog*g* e *(g) • e (Pi) - 

(12) 

where t = q 2 , q = p\ — p^ = p 4 — p 2 , and the e M is the polarization vector of the 
corresponding vector meson V, e* (q)ep(q) — > — g a /3 + ^r. The pi, p 2 , p 3 and p 4 stand 
for the momenta of the mesons D, D s , Xco and K* respectively in the amplitude 
Tdd s ^xcoK*'i momenta in other amplitudes can be understood analogously. The 
off-shell effects of the t-channel exchanged mesons D, D*, D s and D* are taken into 
account by introducing a monopole form-factor [2], 

A 2 -M 2 

HMi,t) = J -^f, (13) 

and the cutoff A $ are parameterized as Aj = M, + oAqcd , where a is a free parameter 
and Aqcd = 0.225GeV. In fact, the g s T{M^ t) are the momentum dependent strong 
coupling constants, we can vary the parameter a to change the effective strong 
couplings, here we use the notation g s to denote all the strong coupling constants. 

The dispersive parts (or real parts) of the rescattering amplitudes can be obtained 
via the dispersion relation, 

Di sW (Ml)^p£^^<, (14) 

where the thresholds s th are given by s th = (M D + M D| ) 2 , (M D * + M Ds ) 2 , (M D + 
M Ds ) 2 , (Md* + M D *) 2 for any specific diagram. 
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3 Numerical result and discussions 



In the flavor SU(3) limit, there are strong cancelation among the rescattering am- 
plitudes, Tod^x^k* + r D s D^ Xc0 K* = and Tg* D: ^ XcoK * + Tg. D ._+ XaiK . = 0. From 
the Particle Data Group, M D = 1.87 GeV, M Ds = 1.97 GeV, M D , = 2.010 GeV and 
Md* = 2.112 GeV [TO], we can see that the 577(3) breaking effects are small. How- 
ever, the experimental data from the CLEO collaboration, fjj = 222.6il6.7jJ' 1 MeV 
[IHII2] and f Ds = (0.274 ±0.013) GeV [13] show that the SU(3) breaking effects are 

rather large, = 1.23, while most of theoretical calculations indicate « 1.1, 

' D ... 
the discrepancy maybe indicate new physics beyond the standard model [H]. If we 

take into account the small SU(3) breaking effects, the rescattering amplitudes T l 

(i = a,b,g, h) have contributions. 

For the rescattering amplitudes T\ i = c,d,e,f, there are no cancelation. We 

carry out the integrals formally, 

Abs(z) = f^rf ^S\P-p 1 -p 2 )f(p 1 ,p 2 ,p 3 ,p 4 )e^ a ^e*Mp 2a p w 

= e^ a/3 p 4Ai e*G» 4 ) [Ag af3 + Bp 3a p 3(3 + Cp 3a p i0 + Dp 4a p if3 ] 

= 0, (15) 

where we have introduced the formal notations f(j>i,P2,P3,P4) and A, B, C, D 
(scalar coefficients), they have no contributions. 

The above conclusion and the following discussion also hold for the decay B + — ► 
XcoK* + . 

The strong coupling constants f D *DV, fo*D*v, 9ddv, 9d*d*v, 9 Xc dd and g XcD * D * 
are not free parameters. In the heavy quark limit, the strong coupling constants 
Id*dv, Id*d*v, Qddv and go*D*v can be related to the basic parameters A and (3 in 
the heavy quark effective Lagrangian (one can consult Ref.[15] for the heavy quark 
effective lagrangian and relevant parameters, we neglect them for simplicity), 

n fD*D*V 

9ddv — 9d*d*v — i 

where gy = 5.8 from the vector meson dominance theory [TO]; we can also calculate 
them with the light-cone QCD sum rules [TTI [18]. The strong coupling constants 
QxcDD and g Xc D*D* can be estimated with the universal Isgur-Wise form-factor at 
zero recoil £(1) and the assumption of dominance of the intermediate Xco meson for 
the scalar heavy quark current cc [19J, 



2M D M Xc0 

9 X cDD - 



f; 



XcO 



2M D ,M Xca 

QxcD-D* — 7 ; I 1 ' J 

JXcO 
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where the decay constant f Xc0 is defined by f Xc0 M Xc0 = (0|c(0)c(0)|x c0 ). 

The only free parameter is the a in the off-shell form-factors T{Mi,i). We may 
take into account the experimental data from the Babar collaboration with fine- 
tuning of the momentum dependent strong coupling constants g s .F(Mj,t). We will 
not resort to the fine-tuning mechanism. 

In fact, the t-channel rescattering amplitudes DD S , DD*, D*D S , D*D* — > XcqK* 
can be described by the collective strong coupling constant g, g = g 2 a T 2 {Mi, t) t _\ { i ■ 

i 

At the level of quark-gluon degrees of freedom, the rescattering occur through cq\ + 
c<l2 ~ > Xco + V- 111 the heavy quark limit, the heavy quarks decouple from the 
light degrees of freedom, the rearrange to the vector meson V (or pseudoscalar 
meson P), conservation of the heavy quark spin warrants the cc pair rearrange 
to the J/ip or r\ c , not the Xco, because additional relative P-wave between the cc 
pair is required to form the Xco, Xa and Xc2- It is not unexpected that the total 
rescattering amplitudes are nearly zero, the small discrepancy due to the SU(3) 
breaking effects and the c quark is not heavy enough. This case is contrary to the 
3 Po model [2QI [21] , where the qq pairs with the quantum numbers 3 Pq are created 
from the QCD vacuum, the relative P-wave between the cc pair is canceled out 
with the relative P-wave between the qq pair, the decays Xco + QQ —* DD, D*D* can 
occur, if they are kinetically allowed, see the effective lagrangians in Eqs.(5-6). The 
final state interactions may play an important role in the precesses with the final 
states Xcj + S, A and J/ip, r\ c + P, V, where the S, P, V and A stand for the scalar, 
pseudoscalar, vector and axial-vector mesons respectively. 

4 Conclusion 

In this article, we study the final-state rescattering effects in the decays B° — > XcoK* 
and B + — > Xco^* + , and observe the corrections are zero in the SU(3) limit, which 
is warranted by the heavy quark symmetry. It is difficult to accommodate the 
experimental data without fine-tuning. The final state interactions may play an 
important role in the decays B — > Xcj + S, A; J/ijj, r\ c + P, V. 
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Figure V. The Feynman diagrams for the final-state interactions. 
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